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Intr odu ction
Optic al brighte ners a r eche mic al substa nces
which show both the ability to bind to 118ef11 s ub与-
tr ates and the ability to ads orb e ne rg yfro m light
a nd emit itatlonger w a vele ngth. They a re therefore
c om m e rcially u白efu lto artificially brighte n 甜 Ver al
ty pes of rnaterials, textile in pa rtictl a r. Flore 8 C8n C e
of te xtile fiberBtre ated with N,N
'
-diacylderiv ativ e8
of■4,4
'
-diamin ostilben -2,2
'
･dimlpho nic acidw aさfir8t
de8Cribed by Paine 8t al. (1937). Despite the wi de-
spread co m m ercial llSe Of the optic al brighte ner8
there w a 9nO kn owledge of the ability of 8 0 m e
optic al bright8 ner畠 tO Stain microo rganism B u ntil
Darken (1961) t早sted t he u昌e the di8Odium s alt
of 4
,
4'-bi島[4-a nilin o-6-bi8(21hydr o xyethyl) amin o･
S-tria 血 e･2-y18 mino ] ･2,2
'
-8tilbe ndisulphonic a cid
(Americ an Cyanami de, N.Y . , U S A) for fl110r e S C ent
staining of Bs chcTichia c olt, Bacillu s subtilis･ Sacc･
harom yc e s c e re vlsiae, Strepto myc e8 a ur eOIacie n s,
M uc o r m u c oT.u r n
.
Pe nklliu m chTySOgeTuLT n aTld Ne-
u rospoT
.a Cr a8 Sa . Da rken and Swi ft (1963)de s c ribed
als ot he stim ulato ry effect of this b righte ne r o n
germination r ate
StT･ePtO myCe 8 SP ,
de m o n str ated to
cellt1o 白e. Chitin
of Pe nic払IiuT n ChTySOgenZLm and.
spore s. Optic al brightener8 W er e
bind to β-poly8 aCCharide chin s of
a nd micr o crystalic β -1,3-glucan
throllghhydroge n bonding (M aeda andIshid8. 1967;
Ear
■
rim gton a nd Rope r 1968;Wo od 1980). Fu rther
dipolar inte r a ction s(Rattee and Grell r1974) and
hydr ophobic interactio n s(W ood a nd Fulcher1983)
are s ug gest㊤d to play som e r ole in the inter action
as w ell.
Optic albrightene r sindi8gnOStics a nd r 8S 8arCh
Optic al brighte ner 8 a r ern O8t wi d.ely used fo r
staining in di昭 n O如ic B Of fungalelem e nt畠, irk parti-
clhr in Bkin 畠Cr8pingB(Gip a nd A belin 1987;Ee]
'
t-
m&nek et al. 1989), hi白tOlogic al sectio ns(M onheit
et al, 1984;flejtm&nek et al, 1989), biopsy Specim en
in 8yStemic m yc o8eS(R 丘chel a nd Margraf193)and
sptltu m ill respirato ry myc o8eB, Whe re they pr ov ed
to be e v e n more 88n 8itive than ctl ttlre m ethods
(Raclav畠k5, a Tld Eejtm 払ek 1989). Optic al b righte nerB
w ere 8ユs ode m onstrated to be useful fo rqtla ntitative
a s say Of the adher erlC e Of CTa ndida alb わan BblaBtO-
spore sto a m odel cellline (Bo rg- Yon Zepelin and
W agner1995). As s o m enonftlngalpathoge mB c o ntain
β-ghlCO 8ide s ub8trateS, they c a nbetdiagn osed using
optical bright8nB r S aS W el , which is the c a s 白 Df
P,Le u m O CyStis c
.
a rinii(Baselski et all 1990; K in et
al. 199O; Allerbe rger et al. 1992), AcaTttha m oeboae
in ke r atitis (Silva ny et all 1987; Ma ugdal 1989),
a nd cyst8
For m o st
of optic al
n lng aSit
of Enta m oeba e(Kaw a皿 OtO et al. 1987).
ap plication s, 0.01% (w/v) co n centr ation
brighte n e ris s atisfacto ry for good sta1-
r e s ults irk a V ery bright fh10reSC e nCe Of
flユngal cellw alls, Which i8 llighly discrimin atory ill
clinic al spe cim en in partictla r. T he highest fltlOreB-
c en ceintensity and specificity of staining w asfollnd
in U vite x 2B(W achstll m 1988; Eejtm まnek et al.
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1990).
In ad dit on to di8gn OStics, the tL8e Of optic al
brighten e r占 in re s e arch i畠 als o v ery wide . They c a n
be used fo r detectio n of s o m ety pe s Of β-glu c a ns
in chrom atography a nd electrophore sis (Cote et al.
1991; SllOrtti 1998), for the study of cellw all ill
so m e aユgae 且nd plaqts(M eado w s1984; Glenn et al.
1992), for the stlldy of thecal plates in som e Pr o-
to zoa (Klllt 8t al. 1988) a nd 且1s o fo r the study of
chitin co m po n e nts in different biologic al strtlCtu r eS
(Brydo n et al. 1987; A rn oldet al. 1993). Optic al
brighte nerg c an als o 卓e rv e a 8 e XClusion dyes for
disc riminatio n of liv ng a nd d88thcells (Fischer et
al. 1985; Berglllnd et al. 1987). Bllt, abov 8 all, op-
tic al brightoners a rc u 良eflユ1 for the stlldy of f111gal
cells and c811w alls, Wher ethey c an be u 8 8d asnon -
toxic dye白fo r vital 8taining and
■
e v e nfor lo ng
ter m tracing, aB they do not influen ce the m o rpho-
log y, Spo nl ation and other a ctivities of fllngl if
ll S ed atlo w c on centratio ns
■
(Darken1961, 1962;Frank
1991)･ To m e ntion o nly fe w e x a mples. m O nitoring
of Calc oflu or incorpo r atio n w a s tL Sedto dem o n str ate
the in cre a s ein chitin c o llte nt im Sa c chaT･OTTlyCeS Ce-
re visia e c els, (i) which ente r Stationary phase, Gi)
which a re cellcycle arrested in Gl/S after pher o-
n on etr e atm ent, a nd(iii)in Sac cha roTnyC eS CeT･e Vi-
siae■cdc3
,
cdc8
,
cdc13, cdc24and cdc28ther 皿 OSe n-
sitive m uta nts ifgrowTl at restrictive te mper atl汀 e
(M o or e 1990). Calcoflu or w as als o d8 mO n Strated
to be able to 8tlb8tittlte for r 且dio activ ely labeled
N- a cetylglll CO S amin eill a ssays Of chitin Bynthase 8
inhibitorB(Hector et al. 1990) and it c a nbe ve ry
uBeftl for detection of the budding site and fo r m
o nitoring of budding in SacchaT･O TnyC eS C er eUisia e
(M adden azld
tl nde r Bta nding
Sac cha r o TnyCeS
r ole played by
belo w).
56
Snyder 1992). How ever, the help in
the m e cha nism s ofchitin synt hesisin
ceret)由iae w a sthe m ost im portant
optic al b righte n ers ill re 6 e 8tCh (se e
Optic albrihte n e r s a nd c elJw 8II synth8 Sis
The fact that optic al brighteners influe ncethe
aB Se 7nbly of c ellw allpolym ers w a sfirst descri bed
by Haigle r et al. (1980)in t he bact8ri11 mAcetoba cter
xylin zLTn. Wher eCalcofl110r White interferes Withthe
for mation of c ellulose micr ofibrils. T he Stim ulatio n
of synthe8is of cell w allc om ponents, n 8.m ely cellu-
los e, dll ring cultiv atio n in a m edium S up ple m e nted
with C8.lc ofl110r White, w a 8alBO de scri bed in Aceto-
bacter xy申n uTn for the first tim e(B8 nZim a n et al.
1980). Elor za et al. (1983) werethe first who desc-
ri bed cellw all abn o m al it8Sin SacchaT･OT nyCe S C e T
･
-
uisiae and CTa T8dida alblcans c ultivated in media
8 up ple mented with C alcofln or white a nd Va n nini et
all (1983)des cribed the 組 m 8 for Co ngo r ed. Both
fo und f且i lme in 紬par atio n of m other a nd daughter
cell畠 and cellw allthick8nings o e cur r lng predo mi-
na ntly in 8 ept11m regio n, and both s up posed that
chitin synthesis shotl d be stim ulated in re BpO nS8
to C alcofluor white tre atm e nt in a w ay an alogou s
to the Btim l ation of cell11 o8 e Synthe8i畠, 8S de sc-
ribed e arnerin Acetoba cteT･ XyuT m Tn. T his w且S veri-
fied by Ro m cer o and D11r畠.n (1985), who follnd a lO-
30×increa s ein chititl 畠ynthe8i且 a nd 71 8×inc rea se
in alkali-ins oluble β -1,3-gltlC 且n Synthesis in rever -
ting protoplasts of GeotrichulnLlactis a nd at le a st
2× inc re a s ein chitin synthe si畠 in Saceha T
･
Om yC eS
c e7
･
e Uisia eifctl tivated in a mediu m sup ple m ented
with Calc ofl110r White . Fu rther
,
they foⅦld that
higher co nce ntrations of Calcofh10r White a nd Co n-
go red in hibit the gro wth of Mu c o r T
･
O ZL Xii, AspeT
.
-
glllu s n8ge T･, Pe nicLliu m expa n szm n, GeotT･わhu m la ctis,
Sae char o TnyC eS C er e UIsiae, ChTulida utillB, Cr3(PtO CO-
c c u s albidu8 and R hodotoT･ula TILLbra a nd they als o
fo u nd that this itlhibitio n of gro wth ca nbe co lnte -
racted by additio n of o s motic st8bili2:e r(0.8 M
昌Orbitol). Cellw allabnorm alitie畠 a nd incr ea sein
chitin synthe sis in SacehaT
10myC eSCe reLlisia e, w hich
w e re an alogo t1S tO the effe ct of Calcofhl O r White,
w ere de sc ribed in the fl110r eS C ent brigh te ner Rylu x
BS Uas w ell(EaplovA et al. 1994). Further mor e,
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incre asein chitin syntheBi8 W as described in Bash
diobolu s T･a n -L m Clltiv ated in m edia stlP plem ented
with Rylu xB S U且8 W ell(Rac18 V8吋 a nd Kope色ek,
1994). In thi白 ftlngud, Rylnx B S U indllC e 白a switch
fro m polarized apic al gro wth of hypha eto an iBO-
tr opic growth of spherical cells with thicke ned cell
w alls(Eejtman ek 6t al. 1993). T he r efo re, 8timt1atio n
of chitin synth6Bi占 by optic al bright8n e r8 C an be
a 郎 um 白d as agen er al pheno m e n o ni m any ftlngal
BPeCiQB.
The ability of flu ore s c e nt brighte nersto inhi-
bit cellgr o wth at higher c o n c e ntr atio ns was helpftl
fo rclon l喝 Of the ge ne sre spo nsible for chitin 8ynt
ba se 3 a ctivity in Sa cchaT･Om3/eeS C ereUisiae, where
E M S-indtlC ed m tlta ntS W ere SCre e n ed for r e sita nce
to C alcof hor white(Ro nc ero et al. 1988b), As the
chitin syntha se 3 activityis the ta rget of expre s sion
Stim ulated by optic al b righteners (seebelow), the
m tltantS do not Sho w a nincreasein chitin 野nthesi8
in re叩 O n畠etO Calc ofl110r White.tr eatm 8 nt and ar e
able to sIJrVivethe tre atm ent. On the other ha nd,
m a ny othe r m･utatio ns in ge n e8 Pa rticipating in
prope rftl nCtion of cellw allresultin hypers e n sitivity
to C alcofllOr White, which w a白 11S ed s uccessfully
for identific atio n of 53 C W H(Calcoflu or white
hy perse nsitivity)ge nes(Ra m et al. 1994). h addition
to the 白tim ulation of chitin 8ynthe Bi畠 and indtlCtio n
of cell w all a lmo r m alities, C8.1c ofllO r White w a s
als odescribed to infll e n C ethe Synthesis ad inco r-
po r atio n of m an noprotein 8 in Ga ndida albicaTZNS
bla sto spo r e s(Mllrgui et al. 1985). This ye ast pro-
d11Ce白tW O ty pe s Of m an n oproteins :(i) the lo wI
TnOleclユ1a r weight m a n nopr oteins (15-80 k Da) a re
being bo u nd into the c ellw all by hydr oge nbonding
after pa 88age thr o ugh the periplasmic spac e, a nd
(ii)the high-m olecnlar w eight m an n oprotein畠 (>120
k Da) a r epr e s血 ed to birld c o vale ntly to
■
β-gluc an畠,
If Calc oflu o r white i8 StlP plem e nted into gr owth
m ediu m , itis s up po sedto interfere withthehydr ogen
bonding of low - m ole c ula r w eight m a nnoprotein 8.
Mtl rgtliet al. (1985)h v e reportedthat the a m otln
of lo w -rnole mlar weight m an n opr otein sinco rporated
into the cellⅥ7all de c r ea s ed in pre sen ce of Calcofluo r
whit8, Wher easthe inte nsity of their Synthesis w a s
inc r e a8ed
,
which res ulted in release of the lo w.
m olecular w eightrn a nnopr oteinBinto the ctltiv ation
m edillTn after failed in c o rporation .
Mech8 nis ms of a ctio n of optic 81 brightene r s
M oBt Of the data‾relev氏nt for the elucidatio n
of the m echa ni8m Of action of optic al b right8ner8
w e r e c ollected in tl18 m odelorgani8Tn Saccharomyce s
c ere uisiae
,
altllO ugh 80 m e arebas ed on 8 Ⅹperim ents
p8rfor m ed in othe r fungias w ell. Itiswi dely accep-
ted, that m olee11e 8 0f optic al brighten 耶 bind to
chitin in cell w a118 0f fu ngi a nd callSe dis ruptio n
of proper c ellw al l8.白S em bly. T his reStlts in 昌O m e
kind of cell w allBtre白8, Which prese nts a signal for
a repair reBPO nS e･ tlo w e ver, th8 血tai 18 0f the pri-
m a ry intera ction betw eel1 Optical bright8n erS a nd
chitin or othe r cellw allc o mpon e nts C a ndifferin
different ftl ngalspede畠. Interfe r8 71C e With hydrogen
bo nding, which i且 neCeS 占a ry for the Self- a sse mbly
of newly 白ynthesized n asce nt Chitin chain s into
micr ofil〕ri18, i8 a SBtlm ed to be the crtlCia1 8V e nt in
B on efungal E)PeCieB. Calcofl110r White w a sde mon -
strated to interf8r8 with the for m atio n of chitin
micr ofib rilB fro m n asc 8 nt Chit.in chain s
, pres u m ably
thro ughas8 0Ciation of m ole cular Stacks of the dye
with the na s c e nt Chitin chains (Bartnicki- G8rCia et
al. 1994). Althotlgh this m e cha ni8m Sho uldw o rk in
m a ny fung81 印 eCie畠, the re a re no d8.ta C Onfir m lng
the pres e n c eOf chitin mic rofib ri1s in the cell w all
of SaechaT･Om yC e S Ce T･ Disiae (Holwink a nd Kr eger
1953;Bacon et al. 1966;Kreger and Kopecka1981)
a rid chitin i8 rathe r apart of a ve ryc o mplex c ro 8 昌一
linked stru cture of cellw allpolym e r sin the cell
w allof the baker'8 yeast (Eollまr et 且L 1997).
Therefor e, optical brightel一e rS Ca n be s up po sed to
c a u s eC ellw allstr e s sthrotlghinterfe r e n c ewith the
c ros s-linking of chitin polym e r swith other cell
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wall co皿pO n e nt8 in so me fu ngal species as well･
Th8 M id2･p w asdescribed to BerV 匂 aS the sen -
s or which detects the cell w allstre s s ca u s ed by
opti血1 brightene rs iTI Sac eha T
･O myC e S C ere Uisiae･
Be side this, Mid2p w orks aS a 8e n BO r for cellw all
白treSB during phero m o n e-indu ced m o rphoge n esis and
during mild he at sho占k as w ell(Ono et al. 1994;
Ketela et al, 1999; Rajavel et al. 1999). Althollgh
bothC hSlp and C hS3p w eredes cribed to beindtlC ed
by Calc oflt10r White in i,iL･0 (Ron c e r oet all 1988a),
s ev e ral findings sup port the as-1mption that the
expr es sion of CE SS(chititl Bynthase 3 catalytic
Bubunit) is the m ain ta rget of the re spo n se tO the
c ellw allstres畠C a u 8ed by optical b righten e r sin
sa ccha r o TnyCeSC e T
･e Visia e :(i) the s e c o ndary s eptum
is the m o stly thicke n ed strtlCtur e during Rylu x BS U
tr e atm ent (HaplovA et al. 1994) a･nd the C hS3 is
r e BPOZlSible fo r chitin 8ynthe siB in the se c onda ry
8ePttlm(Sha w et al. 1991),-(ii) the com petitive
inllihitor of chitin synthase B Nikko mycizI Z is able
to r e v ert the gro wth inhibit o n c al S ed by both
calc oflu o r white a nd Rylu x B S Utr e atm e nt (Gal-
ghr an et al. 1994;Racla vs埠 et al･ 1999), and(iii)
ch8S m lltantS are re sistant to C81coflu or whit■e■
tr e atm ent(Roncer o et 81, 1988b). Ev e nt hot1ghthe
evi de nce abollt the casc ade of 白igTlaling e ve nts
betwe en the M id2p s e n sing of c ellw alls七r e B Band
the in c re as e in ChS3a ctivity c ann ot be considered
aB co mpletely co nclusive yet, ther eis n odo ubt that
the c ell integrity a nd prolife ration pathw ay i8 til e
likelie8t pathw ay to be in volved in this 8ign aling ･
This Sign aling pathw ay, als o known as PI(Cl
-
path
w ay, perfor ms a Variety of function s at the c ros s
-
ro ads of cellcycle regulation and c ellw all synthesis
regtLlatio n, in clllding respons eto str e s (fo r r e view
告ee Gt18tin et al. 1998, Raclavsk5, 1998). Itc o n si ts
of a M AP K c ascade sta rting with the G T P-binding
pr otein R holp, which r egtlatesthe activity of the
protein kin ase C ho n ologue Pkclp, follow ed by the
M E K KBcklp, the redtlndant pa lrOf MEKs M k lp
a nd M kk2p, the M A PS Slt2p/Mpklp a nd the tr an -
scriptio nfa cto r targets Rlmlp, SB Fand, po sibly,
the redllndant pair of Nhp6 Ap a nd N hp6 Bp tr an s-
c ription facto r8･ Folo wing findings Stlp pO rt the
m odel of the CfIS3a ctiv ation thr o ugh the Pkcl-
pathw ay in r espo nse to cellw allstr e s indu ced by
optical b righten e r B:(i) pho 8phorylatio n of Slt2p/
Mpklp, which occ ur sin respon s e tO Calc ofluor
tr e atm ent, i8 redllC8d in Tnid2m uta nts .(Reteh et
al. 199), ,(ii) m ultic op yPKCl a nd R fIO 18uP pr e S B
lethality in TniLi2MA Ta cell日 e XPOSed to a
-fa cto r
(Ketela et al. 1999), (ii) Cu s expresion iB Str o n-
gly r edu c ed in slt2/'nphl m utants(Ign alet all 1996),
and(iv) C E S3w a sfollnd to be reg11 ated thr o ugh
R lm 1p tr 且n B C ription fa ctor (Jung a nd Levin 1999)I
The la st questions w hich r e mains to be elllCi
-
dated is why do e s the tr e atm e nt with optic al
brighten er8 r8 S t1t in inhibitio n of fu ngal gr owth
ultim ately. T he dire ct interferenc8 With pr oper cell
w al1畠ynthe sis throtlgh binding to chitin in the
exteJI Sio n zon e s of hy phal tips C an e xplain a part
of the effect in ftlngi which sho wpola rized gro wth･
However, s om eof the s efungi wer e de m o nstratedto
be able to switch to a ni8 OtrOpic gr o wt hof畠pheric al
cel18 with thicke ned cellw all in re spons e to Rylu x
BS Utreatm e nt(Hejtm&n ek et al. 1993). In this C as e,
he gr o wth w as inhibited o nly ifthe c o n c e ntration
of th8 fl110reS Ce nt brighte ne r w & 8in c r e a sed far
abov 色 the am ollnt ne eded for the disr uptio n of
pola riz ed grow th of hy phae･ Fu rther, the gr owth
of Sa ceha roTrLyCeS Ce r e L･isia eis inhibited at c onc 8n
-
tr ationB W hich do n otinterferewiththe m orpholog y
of datlghte r cells m a rkedly･ In oll r opinion, the
e xplanation of the inhibitory m e chanim ca n be
a s sllm ed to be a8follo ws : (i) optical brighten er s
interferewith pr ope r C ellw alla88em bly, (ii)chitin
synthesis is upregulatedto c o u nterbala ncethe defe ct,
(iii) in c r e a s ein c ellw all chitin c o ntent pr o vides
m ore binding site s for m or e molecules of optic al
brighte ner which fu rther s e v e rthe defe ct a nd clos e
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the vitio us cir cle of ev ents, where (iv) too 7 nu Ch
r e sotl rC eS Spent fo r chitin synthesis and to o m tlCh
darn age to the cell w allof 皿 Othe r c ells pr eve nt
effective propagatio血 of cel s e v e ntu a11y･ This Vie w
c an be 8 up PO rted by the finding that the co mpetitiv e
inhibitor of chitin 叩 nthesis Nik ko mycin Z is able
to c ou nte r 8.Ct the inhibitory effect of both Calco-
fln or white a nd■Rylu x B SU thr o ugh reductio n of
chitin Bynthesis ･ On the c o Tltrary, Nikko mycin Z is
unable to prevent the form ation of aberr ant cell
w an in the s a m e m oe nt (G hughra n et al. 1994;
Ra clavs坤 et al. 1999). T herefore, the in c re a s ein
chitin 8ynthe si8 Shoul d be the key ev ent in the
inhibition of gr owth cal S ed by flu or母8 Ce nt b righ
-
teners. Thi畠 is further 8up pOrted by the fact that
ehs3 T n utantS Sho w r e 白ist8.n c otO Calcofl110 r White
(Ronc e r o et al. 1988b).
Ho w ev8 r, it8holユ1d be e mph sizedthat althollgh
the 白tim ulatio n of chitin ByntheBis iB the predo mi-
n a nt.effe ct of fl110 r e S C e nt b rightener8 in m any
funga1 8peCies, the re sho tld be other effe cts a8W ell･
Re cently, Calcoflu o r white■actio n wa s described to
depend o n a flln Ctio n al high-osm ola rity glyc e rol
r e spon s e(H O G) pathw ay a･nd Calc oflu or white
tre atm e nt w a s als ofo ll nd to in c r ea s e o sm otic tole-
r a n ce and intra c ellular glycerol le vels (Ga rc
'
ia-Rod-
riguez et al. 2000). Thu s, to c onclude, optical
′
brightener 畠 C an be ve ry u s eful n ot o nly l n fllJlgal
diagn ostic s, but als oin t he ftl rther elu cidatio n of
fungal cellw allsynthesis and cellphysiolog yi血
fllngi,
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